Trigeminal neuralgia is often the result of vascular compression at the root entry zone of the trigeminal nerve. We report a case of trigeminal neuralgia in a patient with a dural arteriovenous fistula in Meckel's cave. Endovascular closure of the fistula resulted in elimination of the patient's pain at the gasserian ganglion level. CLINICAL PRESENTATION: A 77-year-old woman was referred for treatment of trigeminal neuralgia after failed conservative treatment, including multiple gasserian ganglion blocks. Magnetic resonance imaging of the brain suggested a vascular lesion, and cerebral angiography demonstrated a dural arteriovenous fistula in Meckel's cave. INTERVENTION: Endovascular coil embolization was performed, with obliteration of the dural arteriovenous fistula and resolution of facial pain but with decreased sensation in the face. CONCLUSION: Trigeminal neuralgia may be associated with complex vascular lesions around the base of the brain and along the course of the trigeminal nerve. The evaluation of patients with trigeminal neuralgia should include high-quality, thinsection, magnetic resonance imaging scans, to exclude the possibility of vascular lesions and other structural lesions. In particular, patients who are being evaluated for surgical treatment of trigeminal neuralgia should undergo magnetic resonance imaging, with a focus on the course of the trigeminal nerve.
T
rigeminal neuralgia caused by vascular compression at the root entry zone (REZ) of the trigeminal nerve was first observed by Dandy (10) in a series of 215 patients. It is now thought to be responsible for the majority of cases of trigeminal neuralgia (20) . Surgical treatments of trigeminal neuralgia include percutaneous ablative procedures, microvascular decompression, and radiosurgery. A compressing vessel is identified for most patients who undergo microvascular decompression (20) , with the superior cerebellar artery being responsible for 75% of cases. Other arteries, such as the anteroinferior cerebellar artery (10%), posteroinferior cerebellar artery (1%), vertebral artery (2%), basilar artery (1%), and primitive trigeminal artery or its variants, have also been implicated (5, 27) . Tumors (38, 42) , aneurysms (9, 24, 26) , vascular malformations (1, 21, 25, 26, 38, 42) , or vertebrobasilar artery ectasia (23) is observed in only a minority of cases.
Trigeminal neuralgia resulting from dural arteriovenous fistulae (DAVFs) is rare. Six cases were previously reported (3, 8, 16, 18, 26, 30) , all of which involved the trigeminal nerve REZ. The arteriovenous fistula in the case reported by Harders et al. (16) appeared only after the patient underwent a suboccipital craniotomy for microvascular decompression. We report a case of trigeminal neuralgia in which magnetic resonance imaging (MRI) demonstrated the presence of flow voids in the region of the gasserian ganglion. Angiography confirmed an arteriovenous fistula. The fistula was treated with endovascular coil embolization, eliminating the need for open cranial surgery.
CASE REPORT
A 77-year-old woman with a history of rightsided Bell's palsy and a stroke in the 1970s, which resulted in left facial droop, presented with pain in her right face in the V3 distribution, radiating to her right jaw, that began in November 1996 after a fall on her face. She exhibited no tinnitus or occipital bruit. The pain was described as sharp and electrical and was exacerbated by talking, chewing, or opening her mouth. Most of the pain resolved after a tooth extraction at that time (1996) (Fig. 1) . Cerebral angiography (Figs. 2 and 3 ) performed in August 2001 revealed a DAVF adjacent to the right gasserian ganglion, which drained into a subarachnoid vein that drained into the most anteromedial portion of the superior petrosal sinus. The superior petrosal sinus no longer communicated with the cavernous sinus and drained laterally, with high-grade stenosis downstream. Of note, the DAVF also drained into cortical veins. The right anterior division of the middle meningeal artery, the right accessory meningeal artery, and the meningohypophyseal trunk of the right internal carotid artery fed the DAVF. There was no supply from the posterior circulation. Because the presence of cortical drainage indicates a fistula with a high risk of hemorrhage (4), the patient underwent endovascular coil embolization of her DAVF. Two branches of the middle meningeal artery were embolized with polyvinyl alcohol particles, followed by transvenous embolization of the actual fistula site with six Guglielmi detachable coils, with complete obliteration of the DAVF (Fig. 4) . After the embolization procedure, the patient was lethargic and complained of a headache. Head computed tomographic scans revealed diffuse subarachnoid hemorrhage, likely resulting from perforation of a vessel during the embolization procedure, and an increase in ventricular size, indicating hydrocephalus. An external ventricular drain was placed, which resulted in improvement of the patient's mental status. Because the patient experienced difficulty being weaned from the external ventricular drain without a decline in her mental status, a ventriculoperitoneal shunt was placed. Subsequently, the patient's mental status returned to baseline levels. The patient no longer has facial pain, after 14 months of follow-up monitoring. An examination demonstrated decreased sensation in response to light touch and pinpricks throughout the right face.
DISCUSSION
Vascular compression of the trigeminal nerve at the REZ is a well-established cause of trigeminal neuralgia (1, 20) . Other vascular causes of trigeminal neuralgia, such as vascular malformations and aneurysms, are rare but have been reported (1, (3, 8, 16, 18, 26, 30) . Most DAVFs are asymptomatic or present with bruit, headaches, or ophthalmoplegia attributable to arterial steal phenomenon, increased intracranial pressure, venous thrombosis, venous ischemia, venous congestion, venous mass effect, or venous rupture (18) .
Neurovascular compression syndromes are typically attributable to compression of cranial nerves at or near their REZs (17) . Hamlyn (15) observed that, of 46 patients who underwent posterior fossa surgery for treatment of primary trigeminal neuralgia, 42 had a vessel in contact with the nerve. Of those, 28 had a vessel in contact at the REZ, 12 had a vessel in contact lateral to the REZ (point of contact with the nerve more than one-half of the vessel's diameter away from the brainstem), and 2 had a vessel in contact at the REZ as well as lateral to it. In comparison, a vessel was in contact with the trigeminal nerve in only 5 of 40 cadavers. Of those vessels, four were in contact at the REZ and one was in contact lateral to it (15). Sindou et al. (39) observed the presence of a contacting vessel for 97% of 579 patients with idiopathic trigeminal neuralgia. The site of contact was at the REZ in 52% of cases, in the middle one-third of the nerve in 54%, and at the exit of the nerve from Meckel's cave in 10% (more than one site of conflict could be observed for individual patients). Similarly, reported cases of arteriovenous malformations or cavernous malformations causing trigeminal neuralgia for which the lo- cation of the lesion was specified involved compression of the trigeminal nerve root (at an unspecified location along the root) or the trigeminal nerve REZ ( Table 2 ). There were two exceptions, in which the lesion was located in the intra-axial pons (36) or the intramedullary cervical spinal cord (35) . Previously reported cases of DAVFs causing trigeminal neuralgia all involved the trigeminal nerve REZ, when specified ( Table 1) . Fehlings and Tucker (14) reported a case of a cavernous angioma compressing the gasserian ganglion at Meckel's cave and causing trigeminal neuropathy. Rizzo et al. (34) reported a case of an external carotid-cavernous sinus fistula that was thought to cause trigeminal neuropathy via direct compression of the gasserian ganglion, via a steal phenomenon, with the fistula drawing off the ganglionic blood supply, or via chronic venous congestion of Meckel's cave. In both of those previously reported cases, compression of the gasserian ganglion resulted in trigeminal neuropathy instead of trigeminal neuralgia. In contrast, we report a case of trigeminal neuralgia associated with a vascular malformation, namely, a DAVF, compressing the gasserian ganglion rather than the REZ.
In almost all of the reported cases of vascular malformations associated with trigeminal neuralgia, the vascular malformations were discovered during surgery for microvascular de- (3) . Many DAVFs are associated with an adjacent dural venous sinus thrombosis, which might have caused the DAVF or might be secondary to it. Other acquired DAVFs are associated with trauma or a prior febrile illness. There are three major categories of DAVFs associated with trauma, i.e., 1) those that develop at the site of the injury, 2) those that develop remote from the site of the injury, and 3) those that are incidentally observed during evaluation of the injury. Although the patient in this case experienced a fall before the development of her facial pain, the relationship between the fall and the development of the DAVF is unclear, because imaging was not performed before the injury.
Some have claimed that treatment of DAVFs in the tentorial and torcular regions with transarterial embolization is temporarily beneficial but rarely curative (6, 28) . However, Ott et al. (30) reported a case of trigeminal neuralgia caused by a DAVF that was successfully treated with transarterial embolization. In our case, the DAVF causing trigeminal neuralgia was successfully treated with transarterial embolization and transvenous embolization.
Trigeminal neuralgia can be treated with a number of percutaneous procedures that result in damage to the trigeminal nerve. Because our patient's pain relief was accompanied by sensory loss, we cannot be certain that vascular compression by the DAVF was entirely responsible for her pain. Nevertheless, it would be beneficial for all patients with trigeminal neuralgia who experience failure of conservative treatment to undergo high-resolution MRI with thin cuts, to exclude the possibility of vascular causes and other causes of trigeminal neuralgia, before microvascular decompression.
